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Abstract

This work is devoted to the study of the process of extracting odorous substances of spicy and aromatic raw
materials by maceration, with the establishment of technological parameters of the process (hydraulic module 1 : 5,
duration - 10 days). The yield of extractives increases with increasing temperature, reaching a maximum at 40 °C,
and then decreases. The highest yields (15.2 %) were found for the extract (cumin in combination with black
pepper) and (barberry in combination with coriander). Phenolic compounds were isolated in all obtained essential
oil extracts, the highest content was found in cardamom fruit — 4.43+0.14 mg/g. 21 recipes of meat and fish ready-
to-cook products with different ratio (10-50 %) of meat (chicken fillet) and fish (hake, pollock, haddock, saithe)
raw materials were developed, to which the obtained extracts were added. The results of organoleptic studies
showed that the most optimal samples were those with the ratio of meat and fish (haddock) raw materials 50 : 50 %
and meat and fish (saithe) raw materials 60 : 40 % respectively, using cardamom essential oil extracts and a
mixture of rosemary and thyme. It was to these recipes of ready-to cook products that essential oil extracts in the
amount of 2, 3, 5 and 8 % were further added. The highest scores in terms of taste and smell were given to molded
meat and fish ready-to-cook products, which included an essential oil extract of a mixture of rosemary and thyme in
the amount of 3 % by weight of raw mince. By fatty acid composition, the developed meat and fish molded ready-to-
cook products of chicken fillet and haddock fish are closer to the scientifically based WHO standards. The shelf life
of the ready-to-cook products is 8 days at a temperature of 4... -6°C.

Keywords: cardamom; rosemary; thyme; coriander, barberry, cumin, black pepper, maceration; essential oil extracts; meat
and fish ready-to-cook products.

TEXHOJIOT'IS1 OTPUMAHHS E®IPO-0OJIIMHUX EKCTPAKTIB 3 [IPIHO-APOMATUYHOI
CUPOBHHH TA IX BIIVIUB HA M'ICO-PUBHI ®OPMOBAHI HATIIB®@ABPUKATH
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AHoTalif

Jlana po6GoTa npucB’sfYeHa AOCHIAKEHHAM NpPOLecy eKCTparyBaHHA NAaxXy4YuX pPe4YOBHH NPSHO-apoOMaTHYHOI
CUPOBMHHM METOJOM Mauepauii, 3 BCTAaHOBJIEHHSIM TEXHOJIOTiYHMX mNapaMmeTpiB Manepanii (rigpomoaynsa 1:5,
TpuBaJ0oCTi npouecy 10 Ai6). Buxi eKCTpaKTUBHHMX pPe4YOBHUH 3 MiJBHILEHHAM TeMIIepaTypH 3POCTaE, J0CATalnYH
MakcuMyMy 3a 40 °C, a noTtiM 3MeHIIyeTbcA. HallGinbie 3HayeHHA Buxoay (15.2 %) BCTaHOBJIEHO AJIA €KCTPAKTIiB
Nel (KMUH y NO€JHAHHI 3 YopHMM nepueM) Ta Ne2 (6ap6apuc y mo€aHaHHi 3 kKopianapom). HaiilBumuii BMicT 3a
cyMo10 (peHOJIbHUX CNOJIYK BUJi/eHO B eipoosiiiHOMY eKCTpaKTi 3 I/1041B KapgaMoHy. Po3po6ieHo 21 penenTtypy
M'sicO-puGHMX HaniB¢a6puUKaTiB 3 pi3HUM CHiBBiAHOIIEHHAM M'SICHOI Ta pM6HOI CUpPOBHUHU. /0 peLlenTypyu BXOAWINU:
Kypsaue dine, puba xek, MiHTa#, nikia, cailfja y pisHux cniBBigHomeHHAX Big 10 % g0 50 %. 3a pe3yabTaTamMu
OpPraHoJIENTUYHUX J0CAiJ)KeHb BCTAHOBJIEHO, III0 ONTHUMa/JbHUMH € 3pa3KH 3 BUKOPHCTAaHHAM Kypsd4oro ¢ise ta
dine okeaniuHoi pu6u nikuwi, cainau y cnispignomenHi 50 : 50 % Ta 60 : 40 % BignoBigHo. CamMe 10 BUX peLenTyp
HaniB¢paGpuKaTiB JojaBaju I'ATh OTPUMAHMX e(ipoosIiiHUX eKCTPaKTiB 3 NpPAHO-apOMATH4YHOI CUPOBHHHU Y
KizbkocTi 2, 3, 5 Ta 8 % A0 penentypu. Hait6inpmy KiZbKicTh 6a/1iB 32 NOKa3HUKaMH «CMaK» i «3amax» OTpUMaJId
3pa3KHu M'sICO-pUGHUX HanmiBpaGpHUKaTIB A0 CKIaAy AKUX BXOAWIU edipooiiHMHI eKCTpPaKT cyMilli po3MapuHy i
4e6peno, JoAaHUI y KisbKoCTi 3 % 40 Macu cuporo ¢apiry.
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B pesyibTaTi Aociaif)keHb JaHUX 3pa3KiB >KUPHO KHCJOTHOTO CKJIaJy BCTaHOBJIEHO, WII0 y M'SCO-pUGHUX
dopmoBaHux HaniBpaGpuUKaTax cniBBiZHOMEHHA M’sica Ta pu6u mikmi 50 : 50 % € 6ijbII HaG/IMKeHe 10 HayKOBO
o6rpyTHoBaHUX HOpM. TepmiH 36epiraHHsa M'sco-pu6HuUX d¢opMoBaHuUX HamniBpaGpuKaTiB ckjaajae 8 Ai6 3a
TeMneparypu — 4...-6°C.

Karuosi caosa: ka

TEXHOJIOT'HUA ITOJIYYEHHUA 3®HUPO-MAC/IEHBIX 3KCTPAKTOB U3 HPHHO-
APOMATHYECKOTO CbIPbA U UX BIMAHUE HA MACO-PbIBHBIE ®OPMHUPOBAHHBIE
INOJIY®ABPUKATDI
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AnHOTanus

JdaHHaA pa6oTa NOCBAlleHa UCCIeA0BAaHUI0 MPoOLecCca IKCTParupoBaHUs NMPSAHO-apOMaTH4YeCKUX BellecTB NPAHO-
ApOMaTHUY€eCKOro Chipbs METOJOM MaLepalyM, C YCTAaHOBJIE€HHEM TeXHOJOTMYeCKMX NapaMeTpoB Manepanuu
(rugpomMopayada 1:5, npoAo/KUTEIbHOCTh nponecca 10 cyTok). BbIXoJ, 3KCTPAaKTHUBHBIX BelleCTB C NOBbILIEHHEM
TeMIepaTypbl BO3pacTaeT, AO0CTUras MakcuMyMa npu 40 °C, a 3aTeM yMmeHbIaeTcs. Han6o ibliee 3HaueHNe BbIX0Aa
(15.2 %) ycTaHOBJIEHO AJ1d 3KCTpaKTOB N21 (TMHH B cOYeTaHUM C YepHBIM NepueM) u Ne2 (6ap6apyc B COYETAHUHU C
KopuaHApoM). HauBbicmiee coaepkaHue MO cyMMe ¢(eHOJIbHbIX COeJMHEHUH BblJe/leHO B 3pHUpOMacIUYHOM
3KCTpaKTe U3 IJIOAOB KapjaMoHa. Paspa6oTaHa 21 penentypa MACO-pbIGHBIX NO0Jy(paGpUKATOB C Pa3JIUYHBIM
COOTHOIIIEHHNEM MSACHOTO U PbIGHOTO ChipbdA. B penenTtypy BXoauau: KypuHoe ¢ujie, ppi6a XeK, MMHTal, MUKIIA,
caiiia B pasHbIX COOTHomleHHAX OT 10% pmo 50 %. Ilo pesyabTaTaM NpeABIAYIIUX OPraHoJIENTHYECKUX
HCC/IeA0BAaHUI YCTAHOBJIEHO, YTO ONTHUMA/IbHBIM OKa3a/IMCh 06pa3lbl C MCNO0Jb30BaHNEeM KypuHoro ¢puie u puie
OKeaHU4YeCcKOU pbIGbl MUKIIY, caiAbl B cooTHomeHUH 50:50 % u 60:40 % cooTBeTcTBeHHO. UMEHHO K 3THM
peuentypaM mnoaypaGpuMKaToB A0GABJAAIU NATbh MNOJYyYeHHBIX 3(QUPOMAC/JAMYHBIX 3IKCTPAKTOB M3 NPAHO-
apoMaTHU4YeCKOro cbipbA B KojauyecTtBe 2, 3, 5 U 8% K peunentype. HauGoJbliee KoJIM4eCTBO Ga//IoOB IO
M0Ka3aTe/JAM «BKYyC» U «3amax» MOJIyYUJIM 00pa3nbl MACO-PhIGHBIX N0J1y(paGpUKaATOB, B COCTAaB KOTOPBIX BXOAM/IH
3¢upoMacJIMYHbIA IKCTPAKT CMeCH po3MapuHAa U 4Yabpena, A06GaBjeHHbII B KoaudecTBe 3 % K Macce ChbIpOro
dapma. B pesysibTaTe MccieJ0BaHNH JAaHHBIX 06Pa3l0B XMPHO-KHUCJIOTHOTO COCTaBa YCTAaHOBJIEHO, YTO B MsCO-
PbIGHBIX GOPMOBaHHBIX NOJIy(pabpuKaTax COOTHOLIEHHe Msca M pbI6GhI MUKIHM 50 : 50 % HauGos1ee NPUGIMKEHO K
Hay4YHO 60CHOBaHHbIM HOpMaM. CPOK XpaHEHHUsI MACO-PBIGHBIX (OPMOBaHHBIX NMOJIyPpaGPUKATOB COCTaB/sSeT 8
CYTOK NpH TeMmueparype - 4...-6 °C.
KiouyeBble coBa: KapdamoH; pO3MApUH;
nosygabpukamolt.

mumbsiH; Mayepayus; IKCMpakmsl IPUPHO20 MACAA; MSICO-PblOHBIE

Introduction

The search for effective biological products of
natural origin possessing biological and
antioxidant activity against oxidative processes in
lipids of meat products is an important

rosemary [5], cardamom [6], thyme [7] and
medicinal plants [8] are used. Currently, on an
industrial scale for the processing of such raw
materials maceration is used, i.e. extraction of

production task [1].

The use of biologically active substances in the
form of natural ingredients of various
compositions is of undoubted interest around the
world. A promising type of plants that are already
used abroad to produce essential oil is spicy
aromatic raw material [2]. The production of
combined additives, which are mixtures of
aromatic extracts, emulsifiers, preservatives,
phosphates, is highly relevant. Today, the taste
and aroma of food products is achieved through
the use of specially designed mixtures of natural
essential oils and extracts from spices and spicy
and aromatic plants dispersed on a food carrier
[3]. In foreign and domestic practice, there are a
large number of multifunctional additives of plant
origin, which combine the ability to improve the
antioxidant and flavoring properties of finished
products [4]. In particular, plant extracts of

odorous substances with vegetable oils or melted
fats without raising the temperature and
subsequent removal of the extractant [9]. The
main task in the production of biologically active
additives of natural plant raw materials is to
obtain oil extracts while preserving their
biological properties, without subjecting them to
temperature or chemical treatment [10].

Despite the available studies of the antioxidant
activity of spicy and aromatic raw material
extracts in relation to meat products, the issue of
fat oxidation and reduction of shelf life of meat
and fish ready-to-cook products is not sufficiently
covered, as fish by its nature has increased
moisture content inherent in fish raw materials.
There are no meat and fish ready-to-cook
products in the trade network of Ukraine, as well
as information on the use of saithe and haddock
in the production of combined ready-to-cook
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products. There is no data on the storage of such
products. Therefore, there is a need for research
in this direction.

Fish and seafood are in great demand among
consumers. Fish protein is balanced in amino acid
content, rich in leucine - 3.9-18.0 %, isoleucine -
2.6-7.7 %, phenylanine 1.9-14.8 %, methionine
1.5-3.7 %, and threonine 0.6-6.2 % [11]. Fish
contains long-chain w -3 fatty acids,
eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), the latter plays a
significant role in the formation of the brain and
vision of the child and is useful for blood
circulation. There are also fat-soluble vitamins (E
and D), low molecular weight metabolites such as
anserine and taurine. Due to such fatty acid
composition, the consumption of fish and fish
products has a number of benefits for human
health, playing a potential role in reducing the
risk of coronary heart disease, inflammatory and
immune disorders [12].

According to the State Statistics Committee of
Ukraine, per capita consumption of fish and fish
products in 2019 was only 14.5 kilograms [13].
However, the recommended FAO norm should be
20 kg [14], and marine fish should be 75 % of the
established norm. Currently, Ukraine imports
close to 90 % of fish [15]. This situation is due to
the lack of a specialized fleet, quotas in
international waters and poaching. In addition,
the cost of Ukrainian fish is higher than of the
imported. The traditional leaders in fish imports
to Ukraine are Norway, followed by the USA,
Estonia, Latvia, Canada, Great Britain, China,
Vietnam and Argentina [16]. Ocean haddock and
saithe fish come to Ukraine from Norway in the
form of carcasses, fillets and trimmings.

The pace of modern life requires a significant
amount of time to prepare fish for consumption
[17], perhaps because of that 42 % of European
consumers eat fish and seafood at least once a
week [18]. Young people prefer fish ready-to-
cook products - cutlets, fish balls, fish burgers
[19]. The development of fish-based foods for the
elderly people is equally important. Such
products not only meet the physiological needs of
the human body in nutrients and energy, but also
have preventive and curative functions [20]. The
development of products for geriatric-oriented
diet will contribute to reducing the number of
diseases of the elderly people [21; 22].

The analysis of foreign and domestic
researches shows that there is ample room for
the use of ocean fish in technology of special
products for various layers of the population,

expansion of their range, establishment of their
shelf life [23; 24]. To produce a pilot batch of
meat and fish ready-to-cook products, we took
poultry as the most available raw material for
Ukrainian consumers, and fish: pollock, hake,
haddock and saithe with the addition of essential
oil extracts from spicy and aromatic raw
materials.

The purpose of our study is the technology of
extraction of essential oil extracts from spicy and
aromatic raw materials, and the establishment of
technological parameters that ensure the optimal
yield of extractive substances (hydromodule,
duration of extraction). Investigation of the effect
of essential oil extractive changes in the fatty acid
composition of meat and fish molded ready-to-
cook products during storage. Study of the effect
of essential oil extracts on the change of fatty acid
composition of meat and fish molded ready-to-
cook products during storage. In this regard, to
solve this goal it is necessary to perform the
following tasks:

- to study the process of extraction of fragrant
substances with vegetable oils or melted fats and
to evaluate the consumer properties of the
obtained essential oil extracts;

- optimize the technological parameters of the
maceration with liquid oil, with the establishment
of extraction duration;

- study the organoleptic and physicochemical
characteristics of the obtained essential oil
extracts of spicy and aromatic raw materials with
their subsequent use in the technology of meat
and fish molded ready-to-cook products;

- establish antioxidant properties of the
essential oil extracts of spicy and aromatic raw
materials by content of phenolic compounds;

- study changes in fatty acid composition of
meat and fish molded ready-to-cook products
prepared with the use of essential oil extracts of
spicy and aromatic raw materials during their
storage.

Object of research: technology of obtaining
essential oil extracts and their mixtures from
spicy and aromatic raw materials and their effect
on meat and fish molded ready-to-cook products.

Subject of research: mixtures of essential oil
extracts of spicy aromatic raw materials, namely
cumin in combination with black pepper,
barberry in combination with coriander,
coriander in combination with black pepper,
rosemary in combination with thyme and
cardamom; meat and fish molded ready-to-cook
products.



610

Journal of Chemistry and Technologies, 2021, 29(4), 607-617

Experimental part

The appearance, color, and odor of the
essential oil raw materials were determined by
examining a sample placed in a thin even layer on
a glass slide or sheet of white paper. Density was
determined in accordance with DSTU ISO 279-
2002 “Essential oils. Determination of relative

density at a temperature of 20 ° C. Control
method (ISO 279:1998, IDT)” wusing a
pycnometer.

The refractive index and the content of
extractives were determined according to DSTU
[ISO 6320-2001 “Animal and vegetable fats and
oils. Determination of refractive index (ISO
6320:2000, IDT.)". The quantitative content of the
sum of phenolic compounds was determined by
permanganatometric titration.

The fatty acid composition of the test samples
was determined by gas chromatography GOST
55483-2013 “Meat and meat products.
Determination of the fatty acid composition by
gas chromatography”, i.e. the liquid extraction of
animal lipids was performed with organic
solvents, that makes it possible to isolate 90% -
95% of all cellular lipids, and methylation of lipid
triglycerides by hydrolysis, followed by the
conversion of the obtained fatty acids into methyl
esters. The chromatographic analysis of the
mixtures was performed on an automatic gas
chromatograph with a flame ionization detector
to determine the composition and the mass
fraction of fatty acids.

Research results and their discussion

At the first stage of research we performed
maceration, i.e. extraction of fragrant substances
with vegetable oils. The rate and completeness of
extraction were influenced by factors such as the
degree of grinding of the raw material, the
difference in concentration, temperature, the

viscosity of the extractant, the duration of
extraction.

To facilitate the diffusion process, the raw
material must be ground. By this a significant
increase in the contact surface between the
particles of raw materials and extractant is
achieved. According to the law of diffusion, the
larger the contact surface, the greater the amount
of extracted substance is. A fairly high difference
in concentrations at the phase separation
boundary can be maintained by stirring the mass,
frequent replacement of the extractant (for
example, by remaceration), countercurrent
process, etc. Raising the temperature accelerates
the extraction process. However, in the
conditions of production heating is used only
during extraction with water. As the viscosity of
the extractant decreases, the diffusion coefficient
increases and, therefore, less viscous liquids
promote faster extraction. Therefore, when using
viscous extractants, such as vegetable oils, to
accelerate the extraction process, heating the
extractant is carried out. As the extraction time
increases, the amount of extracted substance
increases, too. An important task of the research
is to establish technological parameters that
ensure the optimal yield of extractives. In
determining them, the experiment was based on
a second-order plan, i.e. Box-Behnken design
with the number of independent variables m = 2.

Knowing the maximum and minimum limits of
technological modes that affect the development
of technology for oil production, the influence of
the following factors was investigated:

- hydraulic module (using deodorized
sunflower oil: cardamom fruit) - from 1:5 to
1:10;

- duration of extraction - from 3 to 10 days.

The plan of the experiment is shown in
Table 1.

Table 1
Experiment plan
Ne Xo Hydraulic module, Duration, Optical density of the
X1 X2 extract,A 353 nm, y1
conditional % conditional days
1 +1 +1 0,2 +1 10 0.690
2 +1 -1 0,1 +1 10 0.619
3 +1 +1 0,2 -1 3 0.797
4 +1 -1 0,1 -1 3 0.713
The basic level x%j and intervals of variation Ax are given in Table 2
Table 2
Basic level and intervals of variation of variables in the plan
Factors
Hydraulic module, Duration,
X1 Xz, days
Basic level, x9; 75:1 6.5
Intervals of variation, Ax 2.5 3.5
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The optical density of the extract at
wavelength A 353 nmy; was chosen as a response
function.

For the possibility of statistical processing, all
experiments were performed in three parallels.
The results are presented as an arithmetic mean,
which was calculated by the formula:

(%]

08

0.6

Q.5

= Yyt yu

Y m
where y,- response function in parallels; m -
number of parallel measurements.

The optical density of the oil extracts was
determined in the wavelength range from 310 to
700 nm. The results of the spectrophotometric
study are shown in Fig. 1.

310 320 330 340 350 360 370 380 350 400 410 420 430 480 450 460 AT0 ABD 450 500 510 520 530 540 550 560 570 580 550 600 610 630 630 &40 650 660 670 650 &9 700

Fig. 1. Optical density of essential oil extracts in the range from 310 to 700 nm
Ne 1- hydraulic module 1: 5, process duration 3 days; Ne 2 - hydraulic module 1:10, process duration 3 days;
Ne3- hydraulic module 1: 5, process duration 10 days; N24 — hydraulic module 1:10, process duration 10 days;
K - extractant.

Figure 1 shows that the spectra of samples
Ne1 and Ne3 are higher than those of samples N2
and Ne4, which indicates a greater efficiency of
the extraction process. The revealed pattern is
well visible when comparing the absolute values
of the optical density obtained at a wavelength of
353 nm (Table 1). According to the graph in Fig.
1, it can be concluded that at a hydraulic module
of 1: 5, higher values of optical density were
obtained over the entire range of the studied
waves.

yl =

The hypothesis about the adequacy of the
equation was accepted under the conditions that
the experimentally obtained value of the Fisher
coefficient is less than the tabular one.

Verification by Fisher's test at a significance
level of a = 0.05 showed that the obtained
equation is adequate to the experiment.

Based on the results of research, it is clearly
revealed that with increasing process duration
and decreasing hydromodule, the value of optical
density increased at the appropriate wavelength
range. Therefore, the most effective technological

Another factor in this study is the duration of
the maceration process. It was found that the
values of the optical density of the studied
extracts are higher in samples Ne3 and Ne4,
which were obtained during extraction for 10
days.

As a result of mathematical processing and
exclusion of insignificant coefficients, the
regression equation is represented as:

— 31,24 + 2,21x1 + 2,29x2 # 0,01x12 — 0,21x22 + 0,25x1x2

parameters for the extraction of oil extracts from
spicy and aromatic raw materials by maceration
are hydromodule 1 : 5 and process duration of 10
days.

In the second stage of research, the effect of
temperature on the extraction rate was
established. A characteristic feature of the
extraction processes from spicy and aromatic
raw materials is the considerable duration of the
process. The reason for this is the cellular
structure of organic tissue, in particular the
presence of a cell wall, the physiological state of
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which slows the excretion through the porous
structure of the solid body. Among the factors
influencing the speed of internal diffusion
processes, and this is the mechanism of most
extraction processes from spicy and aromatic
raw materials, the temperature is the most
important. The rate of the extraction process is
the change in concentration of the target
substance in the extractant per unit time.

In maceration technology, extraction with
vegetable oils is performed using heat, but for
thermolabile substances, the use of heated
extractant is permissible only for a short time.

According to the semi-empirical Vant-Goff
rule, the rate of a chemical reaction increases 2-4
times for every 10° C increase in temperature.
Therefore, it was reasonable to find out the
change in the rate of diffusion processes, in
particular intradiffusion processes of extraction
of spicy and aromatic raw materials when the
temperature is increased by 10 degrees. We
investigated the yield of extractive substances in
five oil extracts of mixtures of spicy and aromatic
raw materials during maceration for 6 hours at
different temperatures. The results are given in
Table 3.

Table 3
Influence of temperature on the yield of extractives (t = 6 hours, n=3, P=95%)
Ne Name of the sample The content of extractives in the extracts, %
20 °C 30°C 40 °C 50 °C 60° C
1 Cumin combined with black 10.6 £ 0.2 119+0.4 15.2+0.2 13.1+£0.6 10.1+£0.2
pepper
2 Barberry combined with 10.1+0.3 11.9+0.7 15.2+0.1 14.8+0.6 14.1+0.2
coriander
3 Coriander combined with black 125+ 0.6 15.8+0.9 10.1+0.4 10.1+£0.1 7.2+09
pepper
4 Rosemary combined with thyme 10.8+0.3 11.9+0.5 13.2+0.6 129+0.4 11.5+0.3
5 Cardamom 10.7 £ 0.4 10.8+ 0.6 146 £0.2 14.5+0.2 13.2+0.6

Table 3 shows that the dynamics of the
extraction is almost the same for all samples
studied. Analysis of the experimental wvalues
shows that in all samples with increasing
temperature up to 40 ° C the speed of the
extraction process increases and then decreases.
The yield of extractives increases with increasing
temperature, reaching a maximum at 40 ° C, and
then decreases. The highest yield values (15.2%)

were found for extracts N2l (Cumin in
combination with black pepper) and Ne2
(Barberry in combination with coriander).

Somewhat inferior to them is extract Ne5 of
cardamom fruit, its maximum concentration
being 14.6 % at 40 °C. The decrease in the rate of
the extraction process at all investigated
temperature values can be explained by a
decrease in the driving force or the useful
concentration difference in the solid and liquid
phases. A significant increase in temperature is
not always advisable, because it leads to a change

in the properties of most biologically active
compounds contained in the spicy and aromatic
raw materials.

According to Tsimogiannis D., phenolic
compounds are the most common class of
biologically active substances of plant origin [25].
Ligor M. and Valderrama F. note that phenolic
compounds of plant origin are able to neutralize
free radicals, reactive oxygen species and
products of their interaction with organic
molecules, as well as exhibit antimutagenic
activity [26; 27]. According to Christaki E. and
Khani M., polyphenols maintain the oxygen
supply of tissues at the optimal level and prevent
the negative impact of environmental factors [28;
29].

Antioxidant properties of essential oil extracts
are determined by their chemical composition, so
it is important to quantify the content of phenolic
compounds in the obtained extracts (table 4).

Table 4

The content of phenolic compounds

Ne Name of the sample The content of phenolic compounds, mg / g
1 Cumin combined with black pepper 2.87+0.14
2 Barberry combined with coriander 2.22+0.12
3 Coriander combined with black pepper 3.91+0.12
4 Rosemary combined with thyme 2.11+0.12
5 Cardamom 4.43+0.14
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As can be seen from table 4, all test samples
contain phenolic compounds, but in different
amounts. The highest content of the sum of
phenolic compounds was isolated in the essential
oil extract from cardamom fruits. The extract Ne 3
(Coriander in combination with black pepper) is
slightly inferior to it in terms of the content of
phenolic compounds, and their content is lower
in the rest of the studied samples. Polar phenols,
such as tocopherols and lignins, are antioxidants
that prevent oxidation of membrane lipids and
increase the stability of fats and oils during
storage and heating. Antioxidant activity of
phenolic compounds is explained by the fact that
they bind heavy metal ions into stable low-active
complexes, as well as serve as acceptors formed
during autotoxification of free radicals, i.e.
phenolic compounds can quench free radical
processes.

At the next stage of research we developed 21
recipes for meat and fish ready-to-cook products
with different ratios of meat and fish raw
materials. The recipes included: chicken fillet,
hake, pollock, haddock, saithe in various ratios

from 10 % to 50 %. We studied the effect of
obtained essential oil extracts on the change in
the fatty acid composition and the storage time of
molded meat and fish ready-to-cook products
with different content of meat and fish raw
materials.

According to the results of preliminary
organoleptic research it was found that the most
optimal were samples using chicken fillets and
oceanic fish fillets of haddock and saithe in the
ratio of 50:50% and 60:40% with extracts of
cardamom and a mixture of rosemary and thyme.
It is to these recipes of ready-to-cook products
that the essential oil extracts in the amount of 2,
3, 5 and 8% to the mass of the recipy were
subsequently added. The highest scores in terms
of taste and smell were given to meat and fish
ready-to-cook products with an essential oil
extract mixture of rosemary and thyme in the
amount of 3% to the mass of raw minced meat.
Therefore, these samples were selected for
further studies on the shelf life and changes in the
fatty acid composition (Table 5).

Table 5

Recipes of meat and fish molded ready-to-cook products selected for further research

Raw material

Recipe option

Control Sample 2.1 Sample 2.2
TU 9214-021- 50:50 60:40
51361389-2002
Chicken fillet 53.7 26.85 32.2
Haddock fish, g - 26.85 -
Saithe fish, g - 21.25
Bread, g 11.2 11.2 11.2
Melange, g 5.5 5.5 55
Onions, g 11.2 11.2 11.2
Salt, g 1.2 1.2 1.2
Pepper, g 0.1 0.1 0.1
Breadcrumbs, g 4.0 4.0 4.0
Water, g 13.0 6.5 7.8
Essential oil extract of a - 3 3

mixture of rosemary and thyme

An important factor in dietary adjustments is
to develop a product that is balanced in both
amino acid and fatty acid composition. The ratio
of fatty acids is one of the indicators of the
biological and nutritional value of fats. The

composition allows us to evaluate the origin and
quality of fats in a particular product. The results
of studies of the fatty acid composition of meat
and fish ready-to-cook products are shown in
Table 6.

chromatographic analysis of R-fatty acid
Table 6
Fatty acid composition of meat and fish molded ready-to-cook products
Sample 2.1, Sample 2.2,
Fatty acids Code name g/100 g of fat g/100 r of fat

UFA

Caprylic C8:0 - 0.018822
Caprine C10:0 0.020608 0.018423
Laurin C12:0 0.028847 0.038310
Myristic C14:0 0.259243 0.295821
Pentadecyl C15:0 0.039914 0.047443
Palmitic C16:0 11.512156 11.551927
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Continuation of the table 6

Margarinic C17:0 0.113642 0.123330
Malvic C17:1 0.072686 0.055142
Stearic C18:0 4.367572 4.385838
Arachic C20:0 0.175453 0.219073
Begenic C22:0 0.403112 0.445642
Lignoceric C24:0 0.113672 -

MUFA

Myristoleic C14:1 - 0.021349
Palmitooleic C16:1n9 0.236337 0.213031
7-hexadecanoic C16:1n7 0.876054 0.884336
6-octodecenoic (oleic) t-C 18:1 0.167470 0.074597
9-octodecenoic (elaidic) C9-C18:1 30.393462 31.659275
11-octodecenoic (cis-vacetic) C11-C18:1 1.539969 -
Nervonic C24:1n9 0.046485

PUFA

Linoleic C18:2 0.111492 0.125825
y-Linolenic 9¢,12c-C18:2n6 48.043178 47.782497
a- Linolenic t-C 18:3n3 0.033161 0.320696
9-eicosanic (codoleic) C9-C 20:1 0.235986 0.324210
Genicosanic C11,14-C 20:2 0.093784 0.109124
Digomo-y-linolenic C 20:3n6 0.066952 0.454636
Arachidonic C 20:4n6 0.416071 0.073209
Thymnodonic C 20:5n3 0.064564 0.191961
Clupanodonic C22:5n3 0.025086 -
Cervonic C22:6n3 0.191596 0.445520
Total 100.000000

Modern requirements for the fat component of
the diet state that an adult's daily intake (80-
100 g, including 20-25 g of vegetable fats) should
contain 2-6 g of polyunsaturated fatty acids, 35 g
of oleic acid, and 20 g of saturated fatty acids.
According to Peshuk L.V, special attention should
be paid to two groups of polyunsaturated fatty
acids, w3 and w6, which are necessary for human
growth and development and also perform an
immunomodeling role [30].

The content of unsaturated fatty acids
(linoleic, linolenic, arachidonic) in the fat of

freshwater fish ranges from 6 to 30 %, in the fat
of marine fish - from 13 to 57% of the total
amount of fatty acids. Fish oil is characterized by
the presence of unsaturated fatty acids with an
increased number of double bonds: linolenic
C17H29COOH (three double bonds), arachidonic
C19H31COOH (four double bonds), clupanadonic
C21H33COOH (five double bonds). Unsaturated
fatty acids form the basis of fish oil (up to 84 % of
total fatty acids), which is due to its rare
consistency and easy digestibility.

Table 7
Ratio of fatty acids in developed meat and fish ready-to-cook products

Content, g/100 g of fat Ratio
Samples UFA: PUFA: MUFA:
MUFA PUFA UFA PUFA: MUFA: PUFA:

MUFA UFA UFA

Sample 2.1 33.259717 4928187 17.219061 1:0.4:0.5 1:1.5:2.8 1:0.7:1.9
Sample 2.2 32.852588 49.827674 17.199771 1:0.3:0.5 1:1.5:2.9 1:0.6:1.9

In the human body, food fat has two functions:
non-specific, as a source of energy, and specific,
as a source of essential fatty acids and fat-soluble
vitamins, and as material for biosynthesis and
construction of body fat tissues. Such a balanced
diet is realized by including 1/3 plant fats and
2/3 animal fats in the diet.

Sample 2.1 of meat and fish molded ready-to-
cook products has a ratio of fatty acids UFA :

PUFA : MUFA =1,0: 0,4 : 0,5, which is closer to
the scientifically based standards in comparison
with Sample 2.2 UFA : PUFA: MUFA=1:0,3:0,5.
The ratio of PUFA : MUFA : UFA is almost
indistinguishable in the samples given.
Unsaturated fatty acids are part of the
acylglycerols of almost all known fats in one
quantity or another. In animal fats, palmitic and
stearic acids have the highest content, which is
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confirmed by the results of chromatographic
studies of fatty acid composition, carried out in

the laboratory of the State
"Ukrmetrteststandart” (Table 8).

Enterprise

Table 8

Mass fraction of palmitic and stearic acids to the total amount of unsaturated fatty acids

Sample name

Mass fraction, %

Sample 2.1

92,22

Sample 2.2

92,66

At the same time, due to the high amount of
unsaturated fatty acids, fish oil is easily oxidized,
which is accompanied by accumulation of
oxidation products (peroxides, hydroperoxides)
and decomposition products (aldehydes, ketones,
low molecular weight fatty acids, alcohols, etc.),
which significantly worsen the taste and smell
not only of fat, but of fish products, and are also
toxic elements for human body [31].

0,8
0,7
0,6
0,5
0,4
0,3

0,2

Acid number, mg KOH/ 1 g fat

0,1

0 1 2 3

Lipid oxidation of finished products includes
undesirable changes in organoleptic
characteristics during the guaranteed shelf life. In
addition to oxidation of fats the reduction of shelf
life may be due to the increased moisture content,
which is inherent in the fish raw materials
included to the recipes of meat and fish ready-to-
cook products.

4 5 6 7 8

Duration of storage, days

Control

Sample 2.1 Sample 2.2

Fig. 2. Dynamics of changes in the acid number of meat and fish ready-to-cook products, mg KOH / 1 g fat

Frozen meat and fish molded ready-to-cook
products were stored at temperatures no higher
than 4..-6°C for 8 days. Since there are no
standardized values of oxidative deterioration
indicators for meat and fish ready-to-cook
products, the limit values for the acid number, at
which the fat is considered suitable for
consumption, were selected on the basis of the
average value of the established standards for

melted fats and fish oil. Since the ratio in the
experimental samples of meat and haddock fish is
50:50, and of meat and saithe fish is 60 : 40, the
acid number for meat products when
determining the limit values was calculated
taking into account its fat content:

- melted fats - not more than 1.1 mg KOH/g
fat, recalculated to 1 kg of product, taking into
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account its fat content according to GOST 25292-
82.

- fish oil - not more than 4.0 mg KOH/g fat
recalculated to 1 kg of product, taking into
account its fat content according to TR TS
021/2011.

Fig. 2 shows that the inhibition of lipid
oxidation during storage occurs when the
essential oil extracts of rosemary and thyme
mixture are introduced into the mince. The
obtained results of the dynamics of changes in the
acid number of the developed meat and fish
ready-to-cook products did not exceed the limit
values. This is explained by the fact that the spicy
and aromatic plants chosen for the study contain
phenols, crystalline thymol and liquid carvacrol
and terpenes: cymol, borneol, cingiberin, terpin,
terpineol. Due to this chemical composition of
spicy and aromatic plants, their use in the
technology of meat products can increase the
shelf life of finished products.

Conclusions

The results obtained allow us to confirm the
influence of the main technological factors on the
yield, composition and dynamics of extraction of
essential oil extracts from spicy and aromatic raw
materials, namely that with increasing the
process duration and  decreasing the
hydromodule the process efficiency increases.
The maximum yield of extractive substances was
at 40°C, and it decreased with subsequent
increase in temperature. The content of phenolic
compounds in all extracted essential oil extracts
from spicy and aromatic raw materials has been
established. The highest content was obtained in
the essential oil extract from cardamom fruits -
4.43+0.14 mg/g.

As a result of comparative analysis of
organoleptic indicators, we selected for for
further research meat and fish molded ready-to-
cook products using fillets of chicken and
haddock fish in a ratio of 50:50% and using fillets
of chicken and saithe fish in a ratio of 60:40%, in
which the essential oil extracts of rosemary and
thyme mixture in an amount of 3% to the mass of
raw mince was introduced.

As a result of studies of fatty acid composition
it was found that in meat and fish molded ready-
to-cook products the ratio of meat and haddock
fish 50:50% is closer to the scientifically based
norms of the WHO.

Shelf life of meat and fish molded ready-to-
cook products is 8 days at -4...-6 2C, as during this
period the dynamics of changes in the acid

number did not exceed the limits of the
established standards for melted fats and fish oil.
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